Introduction {#Sec1}
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Hantavirus infection is an emerging zoonotic disease caused by the virus hantavirus which is an ribonucleic acid (RNA) virus in the genus *Hantavirus* of the family *Bunyaviridae* \[[@CR1]\]. Two characteristic disease patterns are described in hantavirus infections in humans: hantavirus pulmonary syndrome (HPS) and hemorrhagic fever with renal syndrome (HFRS) \[[@CR1]\]. Although a significant number of cases of hantavirus are reported worldwide, cases reported in Sri Lanka are very few in number, probably because of low clinical suspicion and lack of diagnostic tests \[[@CR2], [@CR3]\].

Humans acquire the virus via a respiratory route by inhalation of aerosols contaminated with infected rodents' feces, urine, or saliva \[[@CR4]\], or, rarely, through direct contact with infected rodents' faces or urine, or, rarely, from a bite from an infected rodent \[[@CR5]\]. After reaching the lung parenchyma, the virus is taken up by phagocytes and migrated to regional lymph nodes; it is subsequently disseminated to distant organs including the heart, liver, and kidney. Involvement of the vascular endothelium of the heart, kidney, lung, and lymphoid organs with activation of both innate and acquired immune systems will lead to HPS and HFRS in susceptible individuals \[[@CR6]\].

The initial clinical presentation includes fever with myalgia, conjunctival injection, icterus, hepatitis, myocarditis, and renal and lung involvement in the background of rodent exposure, which is similar to the presentation of leptospirosis \[[@CR7], [@CR8]\]. In the absence of widely available confirmatory tests, most cases of hantavirus are treated as leptospirosis.

We report a case of a previously well man with significant rodent exposure presenting clinically similar to leptospirosis with multiorgan involvement and subsequently diagnosed to have hantavirus infection.

Case presentation {#Sec2}
=================

We report the case of a 36-year-old Sri Lankan Sinhalese man from Kandy, Sri Lanka, who presented to a tertiary care hospital with a 3-day history of an acute febrile illness. He had been in apparently good health and working as farmer involved in paddy cultivation. Three days prior to admission he developed high spiking fever with chills and rigors associated with severe arthralgia and myalgia. He could not mobilize due to severe muscle cramps in lower limbs. He developed shortness of breath at rest with a non-productive cough 1 day prior to admission and was anuric for 12 hours prior to hospital admission. His past medical history was unremarkable and there was no significant medical illness in his family. He was an occasional ethanol consumer and did not smoke tobacco.

On admission to our emergency unit, we found an averagely built man with a body mass index of 24 who was in severe distress and pain. He was severely dehydrated. He had mild icterus with injected and suffused conjunctiva. He had a temperature of 39.5 ºC with warm peripheries. His pulse rate was 140/minute with a blood pressure of 80/40 mmHg and he had marked postural symptoms on attempting a standing blood pressure. He was dyspneic with a respiratory rate of 32 cycles per minute on air saturation of 90%; it improved with 10 L oxygen via a face mask. On examination of his lung fields he had bilateral coarse crepitations. He had 3 cm hepatomegaly which was tender without palpable spleen or flank dullness. Although he was agitated and in distress, he was oriented in time, place, and person with normal neurology.

His laboratory results showed a leukocyte count of 24.6 × 10^9^/l (90% neutrophils) with a platelet count of 86 × 10^9^/l and hemoglobin of 14.5 g/dL. A peripheral smear showed neutrophil leukocytosis with toxic neutrophils, few myelocytes, and abnormal lymphocytes with thrombocytopenia. His aspartate aminotransferase (AST) level was 924 U/l (normal up to 31 U/l) and alanine aminotransferase (ALT) was 331 U/L (normal up to 31 U/L). His serum bilirubin level was 55 mmol/L (normal 1--21 mmol/L) with direct fraction of 55%. His alkaline phosphatase level was 459 U/L (normal 64--306 U/L). His serum creatinine was 217 micromoles/L on admission with a potassium of 2.9 mmol/L and sodium of 136 mmol/L. His blood urea nitrogen level was 40 mg/dl (normal 8--20 mg/dl). His coagulation profile was normal. His C-reactive protein (CRP) was 379 mg/dl on admission. Arterial blood gas revealed a partially compensated metabolic acidosis (pH 7.26) with an arterial bicarbonate of 14.5 mmol/L and carbon dioxide partial pressure of 20 mmHg. His creatinine kinase level was 440 mcg/l (10--120 mcg/l). His arterial lactate was 5 mmol/L. A chest X ray on admission showed bilateral air space opacifications. An electrocardiogram (ECG) showed T inversions in the anterior leads (V1--V6) with a troponin I of 0.16 ng/mL (0.04 ng/mL). Bedside two-dimensional echocardiography revealed global hypokinesia with a left ventricular ejection fraction of 40% which was suggestive of myocarditis.

A working diagnosis of severe leptospirosis with multiorgan dysfunction was made based on the above findings in the background of significant mud exposure and epidemiology of the locality. He was immediately moved to a high dependency unit and oxygen was given via a face mask. He had 50 ml of concentrated urine after catheterization. After fluid resuscitation of 1.5 L of crystalloids, he was started on intravenously administered noradrenalin as his blood pressure remained low. Intravenously administered cefotaxime with orally administered doxycycline was prescribed after taking blood cultures. Acidosis was corrected with 8.4% sodium bicarbonate. An N-acetyl cysteine (NAC) infusion was started considering his elevated transaminases. Hypokalemia was corrected with intravenously administered potassium chloride. He was given 1 g of intravenously administered methylprednisolone.

On day 2 of illness, our patient was clinically improved with less myalgia. Inotrope requirement was reduced from 0.8 mcg/kg per minute to 0.2 mcg/kg per minute. His oxygen requirement improved from 10 L/minute via face mask to 2 L/minute oxygen via nasal prongs. His urine output was 525 ml/last 24 hours.

On day 3 of illness his blood pressure was normalized without inotropes and on day 4 of illness his saturation on air was 99%.

Over the subsequent 5 days his clinical condition gradually improved with gradual normalization of biochemistry.

Methylprednisolone 1 g continued for 3 days and intravenously administered cefotaxime and orally administered doxycycline for a total of 7 days. He was discharged after an uneventful recovery on day 7 of hospital admission.

His dengue NS1 antigen test was negative on day 3 of fever. Throat and nasal swabs taken on admission were negative for influenza A (H1N1) viral RNA. A microscopic agglutination test (MAT) for IgM and IgG against *Leptospira* was done on day 7 and was negative. It was done in the Medical Research Institute of Sri Lanka, which is the reference center which tests for all the common serovars of leptospirosis in Sri Lanka. Blood taken on day 7 was positive for IgM against hantavirus on 1:100 dilutions. Unfortunately, our patient did not turn up for subsequent testing at 4 weeks to demonstrate the rising antibody titers in convalescence.

Discussion {#Sec3}
==========

We report the case of a patient who presented from the farming community with possible rodent exposure with an acute febrile illness with severe myalgia and arthralgia. On admission, he had clinical features suggestive of cardiac, liver, and renal involvement with low blood pressure. Biochemistry confirmed the liver dysfunction with renal involvement. ECG and elevated troponin suggested possible myocardial involvement along with X-ray findings of bilateral pulmonary infiltrates which could be due to pneumonitis or pulmonary hemorrhages. These findings were very compatible with a severe leptospirosis infection with multiorgan dysfunction.

On this presentation we had few other possible alternative diagnoses. Dengue was considered a possibility as it was epidemiologically common and can present in a similar pattern in a complicated scenario with severe myocarditis, hepatitis, insufficiency, and myalgia \[[@CR9], [@CR10]\]. However, the elevated white blood cell count and very high inflammatory markers were against the diagnosis of dengue; subsequently, dengue was excluded by negative NS1 antigen and negative dengue IgM. Rickettsial infections can have a similar presentation with multiorgan involvement \[[@CR11]\]. The possibility of atypical pneumonia was considered because our patient had cough with shortness of breath on admission. Hepatitis, myocarditis, and renal injury are well-known extrapulmonary manifestations of atypical pneumonia \[[@CR12]\]. Severe influenza can also have a similar presentation with fever, myalgia, and type 1 respiratory failure with multiorgan dysfunction \[[@CR13]\]. A diagnosis of hantavirus was considered due to the close resemblance of symptomatology with leptospirosis, although it is very infrequently reported \[[@CR8]\].

Our patient was started on third-generation cephalosporin and doxycycline on admission which would cover the possibilities of leptospirosis, rickettsial infection, and atypical pneumonia. He was hydrated cautiously with intravenously administered fluid considering the possibility of myocarditis and started on inotropes with maintenance of mean arterial pressure of more than 90 mmHg.

The use of methylprednisolone was considered for our patient after carefully weighing the risks and benefits and after covering with broad-spectrum antibiotics. The use of methylprednisolone in severe leptospirosis was shown to be effective in some studies. Kularatne *et al.* have shown that methylprednisolone may reduce mortality in patients with severe leptospirosis except in cases with severe established organ failure \[[@CR14]\]. Similar promising results were shown by Shenoy *et al*., that is, steroids reduce mortality when used early in the management of pulmonary leptospirosis \[[@CR15]\]. Subsequently, our patient's diagnosis was revisited with the positive hantavirus serology. The use of steroids in hantavirus was tested in a double-blind randomized case--control study which failed to demonstrate a significant clinical benefit to patients, although it appeared to be safe \[[@CR16]\]. Although we need large randomized trials to evaluate the efficacy of steroids in severe hantavirus infection, we noticed a clear clinical and biochemical improvement following methylprednisolone administration.

Our patient had elevated transaminases on admission which was initially believed to be due to liver involvement in leptospirosis. However, subsequently, the diagnosis of hantavirus was entertained. Liver involvement in hantavirus is known. Elisaf *et al.* described a cohort of 32 patients with serologically confirmed hantavirus infection, 28% had elevated liver enzymes \[[@CR17]\]. Elevated transaminases are described as an ominous prognostic factor. Icterus is not commonly reported, but hepatitis caused by hantavirus could lead to inflammation of hepatocytes and cause intrahepatic cholestasis. The use of NAC in patients with transaminitis is described in leptospirosis and dengue fever complicated with acute liver failure \[[@CR9], [@CR10], [@CR18]\]. We started intravenously administered NAC in our patient and the infusion was continued until transaminases were less than 300. Our patient had a neutrophils leukocytosis with thrombocytopenia. The hematological abnormalities that were described in hantavirus infections include leukocytosis with increased myeloid elements and atypical lymphocytes and thrombocytopenia \[[@CR19], [@CR20]\].

Hantavirus infection in humans is described in two different clinical profiles. HFRS is described in a patient with serologically confirmed hantavirus with renal involvement in the form of hematuria, proteinuria, rising serum creatinine, and oliguria \[[@CR21]\]. HPS leads to capillary leak into the pulmonary bed causing pulmonary edema, bronchorrhea, and myocarditis with cardiac arrhythmias \[[@CR22]\]. Our patient had an overlap of both renal and cardiopulmonary involvement.

In Sri Lanka, hantavirus was first described in 1988 by Vitarana *et al.* by demonstrating positive serology in four patients among 248 tested who presented with leptospirosis-like illness \[[@CR23]\]. In 2011, Gamage *et al*. demonstrated eight cases with previous exposure to hantavirus infection in Peradeniya hospital, Sri Lanka, during an outbreak of leptospirosis \[[@CR24]\]. Recently, Ehelepola *et al*. described two atypical cases of hantavirus infection in Sri Lanka, where both had a combination of pulmonary and renal involvement similar to our patient \[[@CR25]\]. Although infrequently described in Sri Lanka, we believe that hantavirus infection could be a significant emerging infection which is under reported owing to scarcity and non-availability of diagnostic facilities.

Serological tests are the mainstay of diagnosis of hantavirus infection, which include enzyme-linked immunosorbent assay (ELISA), strip immunoblot assay (SIA), Western blot, indirect immunofluorescence assay (IFA), complement fixation, hemagglutinin inhibition, and focus or plaque reduction neutralization tests to detect antibodies to hantaviruses. Reverse-transcription polymerase chain reaction (RT-PCR) can also be used to detect viral RNA \[[@CR26]\]. We used IFA to detect immunoglobulin M (IgM) against hantavirus on 1:100 dilutions to confirm the diagnosis. IFA sensitivity for combined IgG and IgM analysis followed by repeat testing in 4 weeks for rising titer in the convalescence would be ideal to confirm the diagnosis. Unfortunately, our patient did not turn up in 4 weeks for serological testing. Ribavirin is a nucleoside analogue which has shown some promise in treatment of HFRS \[[@CR27]\]. It was not used in our patient as the diagnosis was made retrospectively after apparent recovery and it is not widely available in state sector hospitals.

With the supportive treatment with intravenously administered fluids, inotropes, steroids, and NAC along with the antibiotics, our patient made a good recovery and was discharged without sequel on day 7 from admission.

Conclusion {#Sec4}
==========

We believe that hantavirus should be considered in the differential diagnosis of a patient presenting with leptospirosis-like illness with multiorgan involvement. Larger community-based studies are needed to evaluate the seroprevalence of hantavirus infection among humans and domestic rodents because hantavirus could be a potentially emerging serious public health problem in Sri Lanka.
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